We report a giant magnetocaloric effect near room temperature in an off-stoichiometric Mn-CoGe alloy, across the magnetostructural transition. The isothermal entropy change accompanying this transition has a peak value of nearly 40 J/kg-K near 297 K and a refrigerant capacity of 270 J/kg with the hot end at 302.5 K and cold end at 293.5 K. We also present an experimental protocol to avoid spurious peaks in the magnetocaloric effect across a sharp first order magnetostructural transition, not confined to Mn-Co-Ge alone, where metastability during the transition could influence the measured magnetization and thus the estimated entropy change. The estimated entropy change in the present off-stoichiometric Mn-Co-Ge alloy is possibly the highest reported value near room temperature in undoped Mn-Co-Ge alloys and underlines the potential of the alloy for technological applications in room temperature magnetic refrigeration.
taken during the experimental determination of the entropy change across a very sharp first order magnetostructural transition, which should hopefully establish a standard protocol for other material systems showing giant MCE with an underlying first order transition.
The polycrystalline Mn-Co-Ge sample was prepared by melting the required amount of pure elements in an arc melting furnace under inert argon gas atmosphere. The as cast sample was sealed in a quartz tube in an argon atmosphere and annealed at 1123 K for 5 days for homogenization, followed by controlled cooling at 5 K/hour to room temperature.
The resulting sample was characterized with x-ray fluorescence (XRF) for composition and x-ray diffraction (XRD) for structural analysis. XRF measurements were performed on the microprobe-XRF beamline (BL-16) of the Indus-2 synchrotron facility using an excitation energy of ∼12 keV. 16 A Vortex TM Si drift detector (SDD) was used to measure the characteristic fluorescence emission from the MnCoGe sample. Quantification was done using a homemade computer program based on the fundamental parameter method. 17 The composition was found to be Mn 34.5 Co 33.1 Ge 32.4 within the error bar of 1%. However, in the following discussion the sample will be referred as MnCoGe. XRD measurement on the powdered sample was performed with a commercial diffractometer (D8 Discover, Bruker AXS) using Cu K α radiation. The magnetization (M) measurements as functions of temperature (T ) and magnetic field (H) were performed in a commercial SQUID magnetometer (MPMS-7XL, Quantum Design, USA). Three different standard protocols were adopted for the M versus T measurements in a constant applied magnetic field: zero field cooled (ZFC)
warming, field cooled cooling (FCC) and field cooled warming (FCW). Isothermal M(H) curves were measured starting from an initial state prepared by unidirectional cooling from 350 K to the target temperature in zero applied field.
Room temperature (∼295K) XRD pattern of MnCoGe is presented in fig. 1 . The complete pattern could not be indexed to a single hexagonal or a single orthorhombic structure.
This suggests the presence of both the phases in the alloy at room temperature. The lattice parameters of orthorhombic phase are found to be a=5.91Å, b=3.81Å and c=7.03Å. The lattice parameters of hexagonal phase are a=4.07Å and c=5.30Å. As per the relationship between lattice parameters of the orthorhombic and hexagonal phases in Mn-Co-Ge alloys, two hexagonal unit cells transform to one orthorhombic unit cell. 18 This gives an estimation of volume change from the hexagonal to orthorhombic phase as nearly 4% . We have observed that the sample breaks into smaller pieces after repeated temperature cycling through the structural transition regime. Probably such a large volume change is responsible for the shattering of the sample across the transition.
The temperature dependence of magnetization of MnCoGe in H = 100 Oe is presented in fig. 2 (a) . Along the FCC curve, the sharp rise in magnetization at nearly 298 K indicates a transition from the paramagnetic (low magnetic moment) hexagonal phase to the ferromagnetic (higher magnetic moment) orthorhombic phase. This transition is accompanied by a thermal hysteresis, which is a typical signature of a first order transition. 
Generally, ∆S M is estimated from the isothermal M(H) curves measured at discrete field intervals by numerically integrating Maxwells relation. 21 However, it is seen that ∆S M estimation from M(H) curves across a first order transition could be erroneous due to a change in the ferromagnetic and paramagnetic phase fractions (in zero field) as a function of temperature. estimation from isofield M(T ) curves employed here is more reliable. 23 We note that the ∆S M of 40 J/kg-K and 34 J/kg-K obtained in present MnCoGe alloy for field changes of 70 kOe and 50 kOe respectively, are the highest reported ∆S M near room temperature in undoped Mn-Co-Ge alloys. The refrigerant capacity (RC) which is a measure of the heat flow from cold end to hot end in an ideal refrigeration cycle, has been determined using the method of Gschneidner et al. 28 For the present alloy, RC is estimated to be 270 J/kg for a field change of 70 kOe with the cold and hot ends at 293.5 K and 302.5 K respectively. Thus the present MnCoGe has potential for room temperature magnetic cooling applications as the peak in the entropy change occurs at 297 K.
It is reported by various authors that the ∆S M curve estimated from isothermal M(H)
curves in many alloy systems contains spurious spikes, and such features were interpreted to be arising due to the change in ferromagnetic and paramagnetic phase fractions with increase in temperature across a first order transition. 
